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SUMMARY 
 
Currently, maize is one of the most important crops (Zea mays L.) both globally and in Hungary. We compared physiological parameters of 
a maize genotype – p9903 – at two different experimental sites in a field experiment. Furthermore, we examined these parameters’ 
variability in individual plants on the leaves with different ages. Absolute chlorophyll content of the leaves were analysed, separately that of 
chlorophyll a and chlorophyll b. We also measured the absolute carotenoid contents of leaves. Furthermore, we calculated these 
photosynthetic pigments’ content ratio. Specific leaf area (SLA) and dry matter weight were also measured in order to characterise plant 
production. The results obviously reflect the decreasing in the efficiency of photosynthetic apparatus on the low yield site. Otherwise, we 
identify significant differences only in certain cases of leaves. 
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INTRODUCTION 
 
Recently maize (Zea mays L.) is one of the most 
important crops both globally and in Hungary. The 
harvested area of maize was 184 800 969 ha 
worldwide (FAOSTAT 2014). Currently, the most 
important objective of agriculture is to maintain the 
principles of sustainability and to perform production 
in deteriorating environmental conditions. The usage 
of the precision technologies gives an opportunity to 
reduce the negative effects of environmental stresses. 
Precision agricultural technologies are mostly based 
on sensor measurements – NDVI, SPAD-values – but 
before using these sensors, it is necessary to make 
calibration measurements as precisely as possible. 
Recently the fast, precise, in vivo determination of 
photosynthetic pigments is increasingly the base of the 
appropriate crop management. The precise 
determination of the photosynthetic pigment is the 
base of the relative chlorophyll metres. The 
environmental stress factors influenced the contents of 
photosynthetic pigments. Salt and heat stress induced 
a decreasing of chlorophyll a and chlorophyll b 
content but it also induced an increasing of carotenoid 
content (Aliu et al. 2015, Yüzbaşioğlu et al. 2017). 
Different nutrients affect differently the leaves 
photosynthetic pigment contents. Taban and Alpasaln 
(1996) revealed that the zinc concentration causes a 
decreasing of iron, copper and manganese contents of 
maize plant whereas the chlorophyll contents increased. 
Amujoyegbe et al. (2007) evinced a positive impact of 
a mixture which contains poultry manure and 
inorganic fertilizer to the total chlorophyll content of 
maize. Water stress also reduced the total chlorophyll 
content (Sanchez et al. 1983). According to Gitelson et 
al. (2014) the canopy chlorophyll content depends on the 
ages of leaves.  
The dry matter content is also an important 
parameter. The specific leaf area (SLA) is available to 
characterize the leaves structure (Garnier et al. 2001). 
The increasing of this value can be observed for the 
bigger rate of nitrogen supply in winter wheat (Triticum 
aestivum L.) (Veres et al. 2016). Amanullah et al. 
(2007) also reflects this statement in the case of maize. 
Salinity also have a negative influence on the SLA 
(Cramer et al. 1994). The low temperature negatively 
correlated to the SLA in inbred lines of maize (Hund et 
al. 2005). The environmental and the anthropogenic 
factors both effect the leaves dry matter content. The 
late sowing date caused a decreasing of the dry matter 
content in maze (Cirilo and Andrade 1993). 
McCullough et al. (1994) revealed that the dry matter 
content of an older and a newer maize hybrid was 
decreased for the effect of lower nitrogen supply, but 
the older hybrid was more sensitive. In contrast, the 
leaves dry matter content did not change during the 
grain fill for the nitrogen rates (Anderson et al. 1982). 
The total dry matter content which contains the leaves 
and the stalk was significantly affected by the water 
deficit of soil (Çakir 2004). The salinity and high 
temperature also influenced negatively the dry weight 
of the shoot (Ashraf and Hafeez 2004, Eker et al. 2006).  
The main objective of this study was variability 
examination of photosynthetic pigment content and 
specific leaf area in individual maize (Zea mays L.) 
plants. These parameters and their changes in 
individual level can help the precision agriculture 
technologies for establishing right technology steps 
towards the smart production.  
 
MATERIAL AND METHODS 
 
The base of our examination was a yield map 
which was provided by the KITE Zrt. This map signed 
the different sites with altered yield with different 
colours. The base of this map is a value which was 
calculated from the NDVI values of the sites, relief 
data, harvest results and data from the soil 
examination. Site (1) has 87.3791 unit and Site (2) has 
63.5714 unit Figure 1 (Kite Zrt. pers. comm.) 
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Figure 1: The map of the field (Tépe, Szalmáskert) with two experimental site  
 
 
Note: 1 – dark grey, high yield; 2 – grey, low yield. 
 
The experimental plant was a maize (Zea mays L.) 
hybrid P9903. Both sites had the same agrotechnology. 
Plants were in tasselling (VT) stage (Hanway, 1963) at 
sampling time (11/07/2017 at 10h). Six samples were 
collected from each area and were chosen randomly. 
Leaves with different ages were collected separately, 
started from the bottom to the top: 1. under-cob leaf, 
2. cob-leaf, 3. above the cob leaf, 4. the last fully 
expanded leaf. The concentration of photosynthetic 
pigment was investigated according to Moran and 
Porath (1980). The data obtained after the spectro-
photometrically determination was mathematically 
processed based on the equation of Lichtenthaler and 
Wellburne (1983). We also determined the specific 
leaf area (SLA). The SLA is the quotient of the area of 
the sample and the dry weight of the sample. The dry 
matter content was rendered by percent format. 
 
RESULTS AND DISCUSSION 
 
The quantitative examination of the photosynthetic 
pigments can provide information about the effects 
of the different stresses on the plants (Taban and 
Alpasaln 1996, Aliu et al. 2015, Yüzbaşioğlu et al. 2017). 
According to our comparison of photosynthetic 
pigment contents significant differences was observed 
in the case of the under-cob leaves except for carotenoid 
content Figure 2. 
 
The difference of the total chlorophyll content 
between site (1) and site (2) was 14.2% and 11.1% 
was in the case of chlorophyll a, furthermore 21.7% in 
the chlorophyll b content. The total chlorophyll 
content decreased from the older leaves to the younger 
in both sites. Malagoli et al. (2005) revealed that the 
nitrogen requirements for seed filling were satisfied 
mainly by N mobilized from vegetative parts in winter 
oilseed rape (Brassica napus). We measured the 
lowest pigment content in every case at the last fully 
expanded leaf at site (2). That was 7.93 ±0.43 mg g-1 
in the case of chlorophyll a content, 2.3±0.18 mg g-1 in 
the case of chlorophyll b, 10.2±0.61 mg g-1 in the case 
of total chlorophyll content and 5.59±0.46 mg g-1 in the 
case of carotenoid content. The highest concentration of 
pigments was measured on the under-cob leaves at site 
(1). The chlorophyll a concentration was 16.9±0.71 mg g-1 
and the chlorophyll b was 7.1±0.87 mg g-1 on these 
leaves. The total chlorophyll concentration was 
24±1.59 mg g-1 and the total carotenoid content was 
12.2±0.51 mg g-1. 
The changes of the chlorophyll a to chlorophyll b 
ratio and the total chlorophyll to total carotenoid ratio 
were shown on Figure 3. We weren’t observed any 
significant differences at these parameters. But at the 
total chlorophyll to total carotenoid ratio was lower at 
site (2) yielded unequivocal. The changes of the 
chlorophyll a to chlorophyll b ratio for the effect of 
atmospheric CO2 concentration was observed by 
Keutgen et al. (1997). 
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Figure 2: Changes of the “A” total chlorophyll content (mg g-1), “B” chlorophyll a content (mg g-1), “C” chlorophyll b content (mg g-1) 
and “D” total carotenoid content (mg g-1) of maize leaves (under-cob leaf, cob leaf, over-cob leaf, last-expanded leaf) 
growing different area 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Note: “1.”: Site (1.), “2.”: Site (2.). n=6, ±s.e. (differences between sites p<0.05*). 
 
 
Figure 3: Changes of the “A” chlorophyll a to chlorophyll b ratio and “B” total chlorophyll to total carotenoid content of maize 
leaves (under-cob leaf, cob leaf, over-cob leaf, last-expanded leaf) growing different area 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Note: “1.”: Site (1.), “2.”: Site (2.), n=6, ±s.e.  
 
The Figure 4 presents the values of Specific Leaf 
Area (SLA) and the dry matter production. The highest 
SLA was measured on the last expanded leaves 
268.4±22.5 cm-2 g-1 at site (2) and 267.4±9.4 cm-2 g-1 
at site (1). The lowest (SLA) was of the over cob leaves 
at site (2) (223.4±14.8 cm-2 g-1). The differences between 
the two experimental sites were not significant. 
We are showing the results of the dry matter 
accumulation of the leaves as percent format (DM %). 
If we observed these results we can conclude that, the 
rates of DM % were similar at site (2) in the case of 
every examined leaves. The lowest DM % on the site 
(2) was measured on the under-cob leaves. That was 
74.4±0.5%. The values of site (1) were higher than the 
values of site (2). But if we compared the results of 
the two sites we observed significant difference just in 
one case, on the cob leaf. In this case the difference 
between site (1) and site (2) was up to 1%. 
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Figure 4: Changes of the “A” Specific Leaf Area (cm-2 g-1), “B” Dry matter content (cm-2 g-1) of maize leaves (under-cob leaf, cob leaf, 
over-cob leaf, last-expanded leaf) growing different area  
 
 
Note: “1.”: Site (1.), “2.”: Site (2.), n=6, ±s.e., differences between sites p<0.05*. 
 
 
CONCLUSION 
 
In our experiment, we compared two experimental 
sites with different yields. Agronomical treatments 
were the same on both sites. We collect data of plant-
physiological parameters. We have done the data 
collection on older and younger leaves separately. The 
photosynthetic pigment content which contains the 
chlorophyll a, chlorophyll b, total chlorophyll and 
carotenoid contents, a difference was observed 
between the two sites. Site (1) had higher pigment 
concentration in every pigment and every leaves case. 
But statistically significant difference was appreciable 
just in the case of under cob leaf. We weren’t revealed 
any statistically significant difference at the ratios of 
chlorophyll a/ chlorophyll b and total chlorophyll/ 
total carotenoids. As well the examination of SLA 
values weren’t revealed any significant differences. 
The dry matter accumulation was higher at site (1) in 
every leaves case but the difference was statistically 
significant just on the cob leaf.  
Summarized the results we can conclude that the 
quantitative examination can be suitable to the stress 
research in maize, but there are differences between 
the pigment contents of different aged leaves. So, care 
must be taken about the choosing of the examined 
leaves if we made an absolute or relative measurement 
of photosynthetic pigments. 
 
ACKNOWLEDGEMENTS 
 
The work/publication is supported by the EFOP-
3.6.3- VEKOP-16- 2017-00008 project. The project is 
co-financed by the European Union and the European 
Social Fund and grant from “Establishing a scale-
independent complex precision consultancy system” 
(GINOP-2.2.1-15-2016-00001) project. 
 
 
REFERENCES 
 
Aliu, S.–Rusinovci, I.–Fetahu, S.–Gashi, B.–Simeonovska, E.–
Rozman, L. (2015): The effect of salt stress on the germination 
of maize (Zea mays L.) seeds and photosynthetic pigments. 
Acta agriculturae Slovenica. 105. 1: 85–94. 
Amanullah, M. J. H.–Khalid, N.–Asad, A. (2007): Response of 
Specific Leaf Area (SLA), Leaf Area Index (LAI) and Leaf 
Area Ratio (LAR) of Maize (Zea mays L.) To Plant Density, 
Rate and Timing of Nitrogen Application. World Applied 
Sciences Journal. 2. 3: 235–243. 
Amujoyegbe, B. J.–Opabode, J. T.–Olayinka, A. (2007): Effect of 
organic and inorganic fertilizer on yield and chlorophyll content 
of maize (Zea mays L.) and sorghum (Sorghum bicolour (L.) 
Moench). African Journal of Biotechnology. 6. 16: 1869–1873. 
 
Anderson, E. L.–Kamprath, E. J.–Moll, R. H. (1982): Nitrogen 
Fertility Effects on Accumulation, Remobilization, and 
Partitioning of N and Dry Matter in Corn Genotypes Differing 
in Prolificacy. Agronomy Journal. 76. 3: 397–404. 
Ashraf, M.–Hafeez, M. (2004): Thermotolerance of Pearl Millet and 
Maize at Early Growth Stages: Growth and Nutrient Relations. 
Biologia Plantarum. 48. 1: 81–86. 
Çakir, R. (2004): Effect of water stress at different development 
stages on vegetative and reproductive growth of corn. Field 
Crops Research. 89. 1: 1–16. 
Cirilo, A. G.–Andrade, F. H. (1993): Sowing Date and Maize 
Productivity: I. Crop Growth and Dry Matter Partitioning. Crop 
Science. 34. 4: 1039–1043. 
ACTA AGRARIA DEBRECENIENSIS 2018/74 
 
 
157 
Cramer, G. R.–Alberico, G. J.–Schmidt, C. (1994): Leaf Expansion 
Limits Dry Matter Accumulation of Salt-Stressed Maize. 
Australian Journal of Plant Physiology. 21. 5: 663–674. 
Eker, S.–Cömertpay, G.–Konuşkan, Ö.–Ülger, A. C.–Öztürk, L.–
Çakmak, I. (2006): Effect of salinity stress on dry matter 
production and ion accumulation in hybrid maize varieties. 
Turkish Journal of Agriculture and Forestry. 30. 5: 365–373. 
FAO (2014): Food and Agriculture Organization of the United 
Nations. FAOSTAT Statistics Database. 
Garnier, E.–Shipley, B.–Roumet, C.–Laurent, G. (2001): A 
standardized protocol for the determination of specific leaf area 
and leaf dry matter content. Functional Ecology. 15. 5: 688–
695. 
Gitelson, A. A.–Peng, Y.–Arkebauer T. J.–Schepers, J. (2014): 
Relationships between gross primary production, green LAI, 
and canopy chlorophyll content in maize: Implications for 
remote sensing of primary production. Remote Sensing of 
Environment. 144: 65–72. 
Hanway, J. J. (1963): Growth stages of corn. Agronomy Journal. 
55: 487–492. 
Hund, A.–Frascaroli, E.–Leipner, J.–Jompuk, C.–Stamp, P.–
Fracheboud, Y. (2005): Cold Tolerance of the Photosynthetic 
Apparatus: Pleiotropic Relationship between Photosynthetic 
Performance and Specific Leaf Area of Maize Seedlings. 
Molecular Breeding. 16. 4: 321–331. 
Keutgen, N.–Chen, K.–Lenz, F. (1997): Responses of strawberry 
leaf photosynthesis, chlorophyll fluorescence and macronutrient 
contents to elevated CO2. J Plant Physiol. 150: 395–400. 
Lichtenthaler, H. K.–Wellburn, A. R. (1983): Determinations of 
total carotenoids and chlorophylls a and b of leaf extracts in 
different solvents. Biochemical Society Transactions. 11. 5: 
591–592. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Malagoli, P.–Laine, P.–Rossato, L.–Ourry, A. (2005): Dynamics of 
nitrogen uptake and mobilization in field-grown winter oilseed 
rape (Brassica napus) from stem extension to harvest: I. Global 
N flows between vegetative and reproductive tissues in relation 
to leaf fall and their residual N. Annals of Botany. 95. 5:853–
861. 
McCullough, D. E.–Mihajlovic, M.–Aguilera, A.–Tollenaar, M.–
Girardin, P. (1994): Influence of N supply on development and 
dry matter accumulation of an old and a new maize hybrid. 
Canadian Journal of Plant Science. 74. 3: 471–477. 
Moran, R.–Porath, D. (1980): Chlorophyll determination in intact 
tissues using N,N-dimethylformamide. Plant Physiology. 65.3: 
478–479. 
Sanchez, R. A.–Hall, A. J.–Trapani, N.–de Hunau, R. C. (1983): 
Effects of water stress on the chlorophyll content, nitrogen level 
and photosynthesis of leaves of two maize genotypes. 
Photosynthesis Research. 4. 1: 35–47. 
Taban, S.–Alpaslan, M. (1996): The effects of zinc fertilization on 
zinc, iron, copper, manganese and chlorophyll contents of 
maize. Pamukkale Univ Muh Bilim Derg. 2. 1: 69–73. 
Veres, S.–Seres, E.–Kiss, L.–Zsombik, L. (2016): Eltérő idejű és 
mennyiségű nitrogén trágyázás hatása búza fiziológiai 
paramétereire. Felmelegedés Ökolábnyom Élelmiszerbiztonság. 
Keszthely. LVIII. Georgikon Napok. 2016. szeptember 29–30. 
449–453. 
Yüzbaşioğlu, E.–Dalyan, E.–Akpinar, I. (2017): Changes in 
photosynthetic pigments, anthocyanin content and antioxidant 
enzyme activities of maize (Zea mays L.) seedlings under high 
temperature stress conditions. Trakya University Journal of 
Natural Sciences. 18. 2: 1–8. 
 
